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Abstract 
The essential oils from flowers of Lavandula officinalis L. (L. officinalis L.= L. angustifolia 
Mill.) were obtained by two hydrodistillation techniques: standard (technique I) and mo-
dified (technique II) Clevenger hydrodistillation. The yield, hydrodistillation kinetics, com-
position and antimicrobial activity of essential oils were investigated. The higher yield of oil 
was obtained by hydrodistillation technique II. The new analytical hydrodistillation kinetics
model of essential oil from Lavandulae flowers was defined. The essential oil composition
was analyzed by gas chromatography–mass spectroscopy (GC–MS). There were differences 
in chemical compositions of the oils obtained by different techniques. Antimicrobial acti-
vity of essential oil obtained by technique I and II against Salmonella enteritidis, Klebsiella 
pneumoniae, Staphylococcus aureus, Enterococcus faecalis, Candida albicans and Asper-
gillus niger was the same, while the activity against Escherichia coli and Pseudomonas 
aeruginosa was slightly different. 
Keywords:  Lavandula officinalis L.; essential oils; hydrodistillation techniques; hydroids-
tillation kinetics; GC–MS; antimicrobial activity. 
  
SCIENTIFIC PAPER 
UDC 633.812:66.048.6:615.28 
 
Hem. Ind. 65 (4) 455–463 (2011) 
 
doi: 10.2298/HEMIND110129047S 
Available online at the Journal website: http://www.ache.org.rs/HI/ 
 
The genus Lavandula contains many different spe-
cies. Some Lavandula species have been used for medi-
cinal purposes in ancient times. Lavender has found 
wide application in perfumes and cosmetics throughout 
history [1]. Labiatae are known for their multiple phar-
macological activities: anticonvulsant, sedative, anti-
spasmodic, analgesic, antioxidant and local anesthetic 
activity  [2–6]. Phytochemical studies of the lavender 
have shown that the monoterpenes [7,8] that are res-
ponsible for its pharmacologic activity, were the main 
components of the aerial parts and flowers of the plant 
[3,9,10]. Furthermore, nowadays, the lavender species 
are cultivated and are used in perfumery and cosmetics 
industry [9,11,12]. 
The lavender flowers have up to 3% essential oil. 
Lavender essential oil contains more than 100 com-
pounds, including linalool, linalyl acetate, lavandulyl 
acetate, teprinen-4-ol, 1,8-cineole, camphor, β-phellan-
drene, terpinolene, α-tujen, n-hexanal, n-heptanal, me-
thylamylketone, ethylamylketone, perillaldehyde, peril-
lyl alcohol, borneol, α-terpineol,  α-pinene, limonene, 
lactones, sesquiterpenes, fatty acids and many others 
[13,14]. 
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Essential oils from aromatic plants receive particular 
attention as potential natural agents for food preser-
vation [15]. Essential oils are proved to have different 
pharmacological effects, such as spasmolytic, hepato-
protective, antiviral, and anticarcinogenic effects [15,16]. 
Many essential oils were natural antioxidants and pre-
sented the potential substitutes for synthetic antioxi-
dants in food preservation [15,16].
 
Essential oils can be applied in pharmacology, phar-
maceutical botany, medical and clinical microbiology, 
phytopathology and food preservation. The antimicro-
bial activity of essential oils of the Lamiaceae family has 
been the subject of several previous publications 
[7,8,15,17].
 
Lavender essential oils are used as an antibacterial 
agent. Gattefosse [17] described the use of lavender 
essential oils as an antiseptic mouthwash and in em-
balming. French lavender, Bulgarian lavender and ge-
neric “lavender” (type unspecified) essential oils have 
activity against a large number of bacteria and fungi. 
Bulgarian lavender essential oil inhibited 23 of 25 diffe-
rent bacteria [17].  
To separate oil from the plant material aqueous, 
aqueous-vapor and vapor distillation can be used [18].
 
The yield, taste and flavor of the oil depend on the 
technique used, i.e., on the hydrodistillation conditions 
[18-20]. Chemical composition of the essential oil de-
pends on a number of parameters, such as the environ-
mental conditions, the drying procedure, the storage Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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conditions, the method of isolation of the essential oil, 
and the analysis conditions, which are used for the 
identification of the compounds [7]. 
Hydrodistillation technique in which water from still 
flask was separated by filtration and used together with 
fresh water for immersing the plant material in a sub-
sequent distillation was used for obtaining essential oil 
from parsley and mint [18,20,21]. In the available re-
ference works there is no data for obtaining the essen-
tial oils of Lavandulae flowers with this technique, or 
data of the hydrodistillation techniques effects on the 
yield, composition and antimicrobial activity of essen-
tial oil, or the hydrodistillation kinetics. Based on the 
comparative investigation of the essential oils compo-
sition and the hydrodistillation kinetics, the aim of this 
work is to define the hydrodistillation technique to ob-
tain maximum essential oil yield and to determine the 
parameters in the hydrodistillation kinetics equations. 
Antimicrobial activity of essential oil obtained by two 
hydrodistillation techniques was investigated using dif-
ferent microorganisms.
 
EXPERIMENTAL 
Plant material 
Dried flowers of Lavandula officinalis L. were used 
for hydrodistillation. The flowers were obtained from 
the Institute for Medicinal Plant Research “Dr Josif Pan-
čić”, Belgrade. The plant material was milled by an elec-
trical mill with a fast-rotating knife (15000 rpm, 1 min) 
immediately before extraction (average diameter of 
plant-solid material was 0.5 mm).  
Essential oil content in the plant material 
The initial oil content in flowers of Lavandula offi-
cinalis L. was determined by the method presented in 
Ph. Jug. V [22]. 
Essential oil isolation 
Hydrodistillation 
Effect of hydrodistillation hydromodulus. The plant 
material (15 g) was placed into the still flask, filled up 
with water in 1:8, 1:10, 1:15, 1:20 and 1:25 w/v (g/cm
3) 
ratios and distilled on a Clevenger-type distillation ap-
paratus by recirculating the condensed water. A sepa-
rate sample was used for each hydromodulus. The ave-
rage oil yield was calculated from a series of five conse-
cutive runs. The oil volume was recorded after 240 min. 
Technique I. This technique is a classic Clevenger- 
-type hydrodistillation (cohobation) [18,20,21]. The plant 
material (15 g) was immersed in 150 cm
3 of water in 
the still flask, and the oil was isolated using a Cleven-
ger-type apparatus. The distillation was stopped after 
240 min. The oil was collected in the phase separation 
funnel and dried over anhydrous sodium sulfate. 
Technique II. Hydrodistillation technique in which 
water from the still flask (residue still water) was se-
parated under vacuum using a Buchner funnel after dis-
tillation and used together with fresh water (the resi-
due still water and fresh water volume was 150 cm
3) 
for immersing new amount of flowers in a subsequent 
distillation [18,20,21]. For each subsequent distillation 
a new quantity of plant material of 15 g was used.  
Hydrodistillation kinetics 
In the available reference works there is no data on 
the kinetic modeling of hydrodistillation. For modeling 
the kinetics of hydrodistillation of essential oils of La-
vandulae flowers the analytical model was defined:  
0i
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where q0 is the essential oil content in the initial plant 
material (cm
3/100 g dry plant material), q i − the con-
tent of the essential oil in the plant material after the 
period t (cm
3/100 g of dry plant material), b − coeffi-
cient of the fast hydrodistillation period, k − coefficient 
of the slow hydrodistillation period (min
–1) and t – hyd-
rodistillation time (min). 
Gas chromatography–mass spectroscopy (GC–MS) 
The GC–MS analysis was carried out using a Hew-
lett-Packard 6890N gas chromatograph equipped with 
a fused silica capillary column HP-5MS (5% phenyl me-
thylsiloxane, 30 m×0.25 mm, film thickness 0.25 μm, 
Agilent Technologies, USA) and coupled with a 5975B 
inert mass selective detector of the same company. 
The injector and interface were operated at 250 and 
280 °C, respectively. The oven temperature was pro-
grammed as follows: from 70 to 225 °C at 5 °C min
–1, 
then isothermally held for 10 min. Helium was the car-
rier gas at 1.0 cm
3 min
–1; the sample (10
–3 cm
3 of 1/100 
diluted solution in diethyl ether) was injected in a pul-
sed split mode (split ratio 40:1). MS conditions were as 
follows: ionization voltage of 70 eV, acquisition mass 
range 35–500, scan time 0.32 s. Identification of com-
ponents in the essential oil was based on retention in-
dices relative to n-alkanes and computer matching with 
the Wiley 7NIST05 and EPA-NBS data library, as well as 
by comparison of the fragmentation patterns of mass 
spectra with those reported in the literature [23]. 
Determination of refractive index 
The Abbe refractometer AR3D (Krüss Optronic, Ger-
many) was used for measuring refractive index (nd
20). 
Determination of essential oil density 
A standard method for determining liquid density 
(d20) was carried out by using a pycnometer pre-warmed 
in a thermostat at 20 °C. The density was determined 
as (m2 − m0)/(m1 − m0), where m0 is the mass of the Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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empty pycnometer, m1 the mass of pycnometer with 
distilled water and m2 the mass of pycnometer with oil. 
Estimation of mixing properties in ethanol 
One ml of oil was added into a measuring cylinder, 
conditioned at 20±0.2 °C, then 1 ml of oil was added. 
Gradually, 80 vol.% ethanol, conditioned at 20±0.2 °C, 
was added to the sample by burette in 0.1 cm
3 por-
tions. Ethanol was added until total of 20 cm
3 was 
reached, mixing after each addition. If the mixture be-
came opaque or opalescent before the total quantity 
was added, the volume of ethanol used was recorded. 
Antimicrobial activity 
Cultures and culture media 
The following microorganisms were used for the in 
vitro investigations of antimicrobial activity of the es-
sential oil: Escherichia coli (ATCC 25922), Pseudomonas 
aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 
6538),  Salmonella enteritidis (ATCC 13076), Klebsiella 
pneumoniae (ATCC 13883), Enterococcus faecalis (ATCC 
29212),  Aspergillus niger (ATCC 16404) and Candida 
albicans (ATCC 10231). The cultures of bacteria and 
fungi were maintained on their appropriate agar slants 
at 4 °C throughout and used as stock cultures. The fol-
lowing culture media were used: Mueller-Hinton (MHA- 
-Oxoid, Ltd.) broth and agar, for bacteria and Tripton 
soy broth and agar (Merck, Darmstadt, Germany), for 
fungi. 
Disc diffusion method 
For these investigations the disc diffusion method 
was applied [24]. From the primary isolation medium 
2–3 colonies of investigated microorganism were sus-
pended in Mueller–Hinton or Tryptic soy broth, and 
were incubated at 37 °C. 
The suspension for inoculation was prepared from 
the broth cultures. The number of cells in 1 ml of sus-
pension for inoculation measured by the McFarland 
nephelometer was 1×10
8 cfu/ml. A volume of 1 ml of 
this suspension was homogenized with 9 ml of melted 
(45 °C) Mueller–Hinton or Trypton soy agar [25] and 
poured into Petri dishes (90 mm). 
For screening, sterile filter paper disks (“Antibiotica 
Test Blättchen”, Schleicher and Schuell, Dassel, Ger-
many, 6 mm in diameter) were impregnated with 0.02 
cm
3 of essential oil and placed on the inoculated plates. 
The plates were incubated for 24 h at 37 °C for bac-
teria, and 48 h at 25 °C for fungi. After incubation, inhi-
bition zone diameters, were measured and expressed 
in mm. The presence of the inhibition zone indicates 
the activity of tested samples against bacteria or fungi. 
The diameters of the inhibition zones were measured 
using a “Fisher-Lilly Antibiotic Zone Reader” (Fisher 
Scientific Co., USA). 
Penicillin (6 µg/disc), amoxicillin (25 µg/disc), ce-
phalexin (1 µg/disc) and nystatin (100 U/disc), (Bioana-
lyse) were used as reference standards.  
RESULTS AND DISCUSSION 
Essential oil content 
The initial oil content in the flowers was 6.47 cm
3 
per 100 g dry plant material. 
Effect of hydrodistillation hydromodulus 
The results of the investigation of the effect hydro-
distillation hydromodulus on the yield of essential oil 
from  Lavandulae flowers  are shown in Table 1. The 
highest oil yields of 5.73 cm
3 per 100 g of dry plant ma-
terial (88.56% in regard to the oil content in the flowers) 
was obtained using a hydromodulus of 1:10 w/v for 240 
min of hydrodistillation. A hydromodulus of 1:10 w/v 
was used as the optimal one in further investigations. 
Table 1. The effect of hydromodulus on the yield of essential oil 
Hydromodulus (w/v) 
Yield of essential oil 
cm
3/100 g d.p.m.  %
a 
1:8 4.52  69.86 
1:10 5.73  88.56 
1:15 4.80  74.19 
1:20 4.60  71.10 
1:25 4.21  65.07 
aYield of essential oil in regard to the maximum oil content in flowers 
Effect of hydrodistillation technique 
The maximum essential oil yields for two different 
hydrodistillation techniques, for five hydrodistillation 
runs are given in Table 2 (hydrodistillation time: 240 min). 
The highest yield of oil, after five consecutive hydro-
distillation runs (6.35 cm
3 per 100 g of dry plant mate-
rial), was obtained by the technique II. 
By techniques I and II the average yield obtained 
from five hydrodistillation runs was 5.73 and 6.15 cm
3/ 
Table 2. The effect of hydrodistillation technique on essential oil yield ( cm
3/100 g dry plant material) in five consecutive 
hydrodistillation runs 
Hydrodistillation technique 
Run 
Average yield 
1 2 3 4  5 
I  5.65 5.71 5.81 5.75  5.74 5.73 
II  5.73 6.12 6.26 6.30  6.35 6.15 Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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/100 g of dry plant material (88.56 and 95.05% com-
pared to the initial oil content in the plant material), 
respectively (Table 2). 
The results presented in Table 2 show that the oil 
yield depends on the hydrodistillation technique used. 
The highest oil yield of 6.35 cm
3/100 g of dry plant 
material (98.14% compared to the initial oil content in 
plant material) was obtained in the fifth hydrodistil-
lation run by technique II for 240 min of hydrodistilla-
tion.  
In five consecutive hydrodistillation runs by tech-
nique II, the oil yield increased with the increase of the 
number of hydrodistillation runs. In technique II, the 
increase of oil yield is 0.39, 0.14, 0.04 and 0.05 cm
3/100 
g of dry plant material in subsequent distillations. By 
technique II, 0.42 cm
3/100 g of dry plant material 
(about 6.83% more than the yield obtained by tech-
nique I) was achieved and this increase is due to the 
use of water from the still flask. The oil yield increased 
with increasing number of hydrodistillation runs due to 
increasing the content of dissolved hydrophilic oil com-
ponents in the water from the still flask, which was 
used in subsequent distillations to immerse the plant 
material. 
Figure 1 shows the kinetics of the oil hydroidstilla-
tion from Lavandulae flowers by two techniques used, 
in five consecutive runs (average yields of five hydroids-
tillations).  
The curves show that there are two periods of hyd-
rodistillation. In the first period, the fast hydrodistil-
lation occurs, where the essential oil is evaporated out 
from the surface of the destructed cells. In the second 
period, a slow molecular diffusion of the essential oil 
from the internal part of the non-destructed cells (the 
slow hydrodistillation) occurs. The fast hydrodistillation 
(the curvilinear part of the hydrodistillation curve) is 
characterized by the coefficient of the fast hydrodis-
tillation period, b, and the slow hydrodistillation by the 
coefficient of the slow hydrodistillation period, k, in the 
hydrodistillation curve equation (Eq. (1)). The coeffi-
cient b (bI and bII, Figure 1) represents the portion of 
essential oil obtained by washing from the surface of 
destructed cells of plant material in the fast period of 
hydrodistillation. The coefficient c (cI and cII, Figure 1) 
represents the portion of essential oil obtained by 
washing from the surface of destructed cells and by 
molecular diffusion of oil from non-destructed cells of 
plant material in the fast period of hydrodistillation. 
The coefficient k represents a parameter that cha-
racterizes the rate of hydrodistillation of essential oils 
from non-destructed cells of plant material (min
–1). 
Table 3 shows the values of coefficients b and k in 
the kinetics equations for the hydrodistillation of es-
sential oil, by using hydrodistillation technique I and II 
(the average values of five consecutive hydrodistillation 
runs), the times of the fast hydrodistillation (TFH, min) 
and hydrodistillation levels (HL  = 100(q0  −  qi)/q0) for 
essential oil. On the basis of this data it is clear that in 
the period of fast hydrodistillation, 81.11% (technique 
I) and 88.10% (technique II) of essential oil was distilled 
by elution and dissolution of the essential oil from the 
surface of destructed cells of the plant material (Table 
3). This shows that the crushing of the plant material 
used for the investigation has been relatively high. The 
 
Figure 1. Hydrodistillation kinetics of Lavandulae flowers essential oils in five consecutive hydrodistillation runs by standard 
(technique I) and modified (technique II) Clevenger hydrodistillation.Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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high level of destruction of the cells increases the sur-
face whence of the essential oil is distilled in the fast 
period, thus providing a high level of their distillation 
during that period.  
Table 3. The fast hydrodistillation time, the hydrodistillation 
level and the values of b and k coefficients in the equations 
of the hydrodistillation kinetics (TFH = 60 min) 
Hydrodistillation technique  HL / %  b k×10
4 / min
–1
I 81.11  0.79  4.34 
II 88.10  0.86  4.06 
Essential oil composition 
The plant “Lavandula” is best known for its flowers 
and the essential oil from flowers [14]. Table 4 shows 
the results of the GC–MS analysis of essential oils ob-
tained by two different hydrodistillation techniques 
(technique I and II). 
The composition on the resulting oils depends on 
the hydrodistillation technique used, which was shown 
by the results of GC–MS analysis of the oil composition 
(Table 4). 
In the essential oil obtained by standard Clevenger 
hydrodistillation (technique I) 21 components were re-
gistered and 16 components were identified. In the es-
sential oil obtained by technique II (Table 4), 31 com-
ponents were registered and 22 components were 
identified. Identified components in oils obtained by 
technique I and II represent 89.33 and 94.46% of the 
total oil, respectively. 
Table 4. Chemical composition of essential oils obtained by hydrodistillation techniques I and II from Lavandulae flowers ( RT – re-
tention time; IK – Kovats index (experimentally determined retention indices by co-injection of a homologous series of n-alkanes) 
RT / min I K Component 
Technique I  Technique II 
Content, % 
4.301 957  Camphene  –  0.34 
4.804 986  3-Octanone  –  0.20 
4.890 1006  β-Myrcene –  0.12 
5.253 1021  n-Hexyl acetate  0.19  0.30 
5.665 1028  Limonene  –  0.15 
5.729 1035  1.8-Cineole  9.15  13.74 
5.895 1043  Unidentified  0.37  0.41 
6.553 1075  cis-Linalool oxide  6.14  6.63 
6.895 1092 trans-Linalool oxide  5.03  5.34 
7.125 1103  Linalool  19.99  19.17 
7.216 1107  Unidentified  1.50  2.42 
7.323 1111 1-Octen-3-yl  acetate  0.73  0.76 
8.270 1151  Camphor  19.91  19.89 
8.398 1157  Unidentified  –  0.44 
8.692 1164  Lavandulol  0.47  0.45 
8.757 1172  Borneol  7.53  6.59 
8.874 1177  Unidentified  0.76  0.73 
9.013 1182  Terpinene-4-ol  0.57  0.56 
9.179 1190  Unidentified  0.26  0.31 
9.249 1193  n-Hexyl butirate  –  0.64 
9.329 1196  α-Terpineol –  1.79 
9.495 1203  Unidentified  –  0.23 
9.687 1211  Unidentified  –  0.30 
10.201 1231  Unidentified  –  0.21 
10.859 1257  Linalyl  acetate  12.53  11.23 
11.725 1292  Lavandulyl  acetate  2.32  2.24 
13.576 1366  Neryl  acetate  0.36  0.38 
14.052 1385  Geranyl  acetate  0.79  0.76 
15.089 1427  trans-Caryophillene 0.21  – 
17.127 1512  Unidentified  0.29  0.19 
18.999 1592  Caryophyllene  oxide  3.41  2.80 
20.260 1647  trans-Cadinol –  0.38 Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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Irrespective of the technique used, essential oils 
contained fifteen of the same components: n-hexyl 
acetate, 1,8-cineole, cis-linalool oxide, trans-linalool 
oxide, linalool, 1-octen-3-yl acetate, camphor, lavan-
dulol, borneol, terpinene-4-ol, linalyl acetate, lavandu-
lyl acetate, neryl acetate, geranyl acetate and caryo-
phyllene oxide. Content of n-hexyl acetate and 1,8-ci-
neole is higher in oil obtained by technique II. Content 
of borneol, linalyl acetate and caryophyllene oxide is 
higher in oil obtained by technique II. Content of the 
other components (cis-linalool oxide, trans-linalool oxi-
de, linalool, 1-octen-3-yl acetate, camphor, lavandulol, 
terpinene-4-ol, lavandulyl acetate, neryl acetate and 
geranyl acetate) is slightly different in both oils. Tech-
nique II, where water from the still flask was used for 
immersing the plant material in a subsequent distilla-
tion, managed to obtain oil with components as trans-
cadinol, camphene, 3-octanone, n-hexyl butyrate, α- 
-terpineol,  β-myrcene and limonene (these compo-
nents are not detected in oil obtained by technique I, 
where condensate water continually came back in still 
flask and water from the still flask was not used). Tech-
nique I obtained oil with component trans-caryophil-
lene (this component was not detected in oil obtained 
by technique II). The essential oil of lavender flowers 
obtained in this study has a higher content of camphor, 
1,8-cineole, borneol and linalyl acetate and smaller 
content of linalool and terpinene-4-ol compared with 
essential oil of lavender flowers from Turkey [14]. Es-
pecially important is the significantly higher content of 
1,8-cineole, and linalyl acetate, the pharmacologically 
active components [3,9,10,14]. The major constituents 
of the oil obtained by techniques I and II were camphor 
(19.91 and 19.89%, respectively) and linalool (19.99 
and 19.17%, respectively). 
According to results obtained by Kulenova, the main 
components in the oil of Lavandulae  flowers were 
linalyl acetate (23.20%), linalool (25.70%) and lavandu-
lyl acetate (12.50%) [26]. Camphor, which is the major 
component found in our investigation, was not pre-
viously reported [26]. The essential oil of the Lavandula 
from India contains less camphor (0.11%) and 1.8 ci-
neole (1.14%) than the essential oil studied in this pa-
per [27]. 
These changes in the essential oil compositions 
might arise from several environmental (climatic, sea-
sonal, geographical) and genetic differences. 
Physical and chemical properties of the oils obtain-
ed by use of two different hydrodistillation techniques 
are given in Table 5. The essential oils are pale-yellow 
in color and have a pleasant odor, typical for lavender 
flowers. The density and refractive index values of oils 
obtained by different techniques differ only slightly. 
The oil solubility was 7 and 8 parts of 80 vol.% ethanol 
for 1 cm
3 of oil. The results agree fairly with the litera-
ture data [28].
 
Table 5. Physical and chemical properties of essential oils 
obtained by hydrodistillation techniqes I and II 
Property  Technique I Technique II
d25 / g cm
–3 0.890 0.896
nD
20 1.461 1.465
Solubility (volume parts of 80 vol.% 
ethanol for 1 cm
3 of oil) 
7 8 
Antimicrobial activity 
The results of the antimicrobial assay showed that 
the essential oils of Lavandulae flowers inhibited the 
growth of all the tested microorganisms (Table 6). In-
vestigated Staphylococcus aureus strain was more sen-
sitive than other investigated microorganisms, with in-
hibition zone of 29.0 mm. The oils also exhibited mode-
rately strong antimicrobial activity against Klebsiella 
pneumoniae (inhibition zone 24.0 mm). 
Inhibition zones of investigated oils against Salmo-
nella enteritidis, Klebsiella pneumoniae, Staphylococcus 
aureus, Enterococcus faecalis, Candida albicans and As-
pergillus niger were identical. Essential oil obtained by 
technique II showed a slightly higher inhibitory effect 
on Escherichia coli and Pseudomonas aeruginosa (the 
differences in inhibition zones were 1.0 and 0.5 mm, 
respectively) than oil obtained by technique I. It is likely 
that this effect resulted from different chemical com-
position of essential oils. 
Table 6. Antimicrobial activity of Lavandulae essential oils obtained by hydrodistillation techniques I and II 
Microorganism 
Inhibition zone, mm 
I II  Penicillin  Amoxicilin  Cefalexin  Nystatin 
Salmonella enteritidis  22.5 22.5 30.0 39.0 31.0  n.t. 
Klebsiella pneumoniae  24.0  24.0 0  0 13.0  n.t. 
Escherichia coli  20.0  21.0 0 23.0  21.0  n.t. 
Staphylococcus aureus  29.0 29.0 37.0 32.0 28.0  n.t. 
Enterococcus faecalis  22.5 22.5 23.0 28.0  0  n.t. 
Pseudomonas aeruginosa  20.0  20.5  0 0 0  n.t. 
Candida albicans  22.5  22.5  n.t. n.t. n.t.  17.0 
Aspergillus niger  24.0  24.0  n.t. n.t. n.t.  19.5 Lj. STANOJEVIĆ et al.: ESSENTIAL OILS FROM FLOWERS OF Lavandula officinalis L.  Hem. ind. 65 (4) 455–463 (2011) 
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The used technique (I and II) have a significant ef-
fect on the chemical composition of the obtained oils, 
but antimicrobial activity of both essential oils was al-
most identical. 
1,8-Cineole and camphor are well-known chemicals 
with their pronounced antimicrobial potentials. Anti-
microbial activities of borneol were also previously re-
ported in different studies [14,29]. 
Antimicrobial activity of essential oil of Lavandulae 
flowers is the consequence of synergistic effects of 
these components with other components in the oil. 
For example, the essential oil obtained by hydroidstil-
lation from lavender aerial parts [17] has no antimic-
robial activity against Pseudomonas aeruginosa, while 
oil obtained in our study showed activity against this 
bacterium. 
However, it is difficult to compare the data with the 
literature because several variables influence the re-
sults, such as the environmental and climatic condi-
tions of the plant and the choice of the isolation me-
thod and antimicrobial test. Moreover, the standard 
criteria for the evaluation of the plant activity are lack-
ing and therefore the results obtained by different au-
thors are widely different [30]. 
CONCLUSIONS 
The essential oil yield depends on the hydroidstil-
lation technique. The higher oil yield was obtained by 
hydrodistillation technique II. The new analytical hydro-
distillation kinetics model of essential oil from Lavan-
dula flowers was defined. The essential oil composition 
depends on the hydrodistillation technique used. The 
highest content in the oil obtained by techniques I and 
II had camphor (19.91 and 19.89 %, respectively) and 
linalool (19.99 and 19.17 %, respectively). Components 
trans-cadinol, camphene, 3-octanone, n-hexyl butyrate, 
α-terpineol and n-hexyl acetate are not detected in oil 
obtained by technique I, while trans-caryophillene is 
not detected in oil obtained by technique II. Antimic-
robial activity of essential oil obtained by technique I 
and II against Salmonella enteritidis,  Klebsiella pneu-
moniae, Staphylococcus aureus, Enterococcus faecalis, 
Candida albicans and Aspergillus niger is the same, 
while the activity against Escherichia coli and Pseudo-
monas aeruginosa is slightly different. 
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UTICAJ TEHNIKE HIDRODESTILACIJE NA PRINOS, SASTAV, KINETIKU I ANTIMIKROBNU AKTIVNOST ETARSKIH ULJA IZ 
CVETA Lavandula officinalis L. 
Ljiljana Stanojević
1, Mihajlo Stanković
1, Milorad Cakić
1, Vesna Nikolić
1, Ljubiša Nikolić
1, Dušica Ilić
1, Niko Radulović
2 
1Tehnološki fakultet, Univerzitet u Nišu, Leskovac, Srbija 
2Prirodno–matematički fakultet, Univerzitet u Nišu, Niš, Srbija 
(Naučni rad) 
U radu je ispitivan prinos, kinetika hidrodestilacije, sastav i antimikrobna aktiv-
nost etarskog ulja iz cveta Lavandula officinalis L. dobijenog primenom dve teh-
nike hidrodestilacije: standardne (tehnika I) i modifikovane (tehnika II) Clevenger 
hidrodestilacije. Veći prinos ulja, posle pet uzastopnih hidrodestilacija (6,35 cm
3/
/100 g suvog biljnog materijala), dobijen je tehnikom hidrodestilacije II u kojoj se
vodena faza suspenzije iz prethodne destilacije koristi za kvašenje biljnog mate-
rijala u narednoj destilaciji. Definisan je novi model kinetike hidrodestilacije etar-
skog ulja iz cveta lavande. Sastav etarskog ulja je određen GC–MS analizom. Sa-
stav etarskog ulja dobijenog različitim tehnikama hidrodestilacije se razlikuje. 
Komponente trans-kadinol, kamfen, 3-oktanon, n-heksil-butiratat, n-heksil-acetat 
i α-terpineol nisu identifikovane u etarskom ulju dobijenom tehnikom I, dok kom-
ponenta trans-kariofilen nije identifikovana u etarskom ulju dobijenom tehnikom
II. Za određivanje antimikrobne aktivnosti korišćen je disk-difuzioni test. Oba ulja 
pokazala su najbolju antimikrobnu aktivnost protiv Staphylococcus aureus. Anti-
mikrobna aktivnost etarskih ulja lavande protiv sojeva: Salmonella enteritidis, 
Klebsiella pneumoniae, Staphylococcus aureus, Enterococcus faecalis, Candida al-
bicans i Aspergillus niger je identična, dok se delovanje ulja protiv sojeva Esche-
richia coli and Pseudomonas aeruginosa neznatno razlikuje zavisno od primenjene
tehnike hidrodestilacije. 
  Ključne reči:  Lavandula officinalis L.  •
Etarsko ulje • Tehnike hidrodestilacije •
Kinetika hidrodestilacije • GC–MS analiza
• Antimikrobna aktivnost 
 